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COMPOSITIONS* COMPOUNDS AND METHODS FOR THEmPKEPARATION 

Field df the Invention 

The Inventicm relates to novel compounds, compositions and methods for ^ 
5 pteparation. THe compoimds and compositions of the present inv^on find partiailar 
J^Hcation as foaming or fio&mg agents in oie and coal flotation prooe^ Thecompounds 
and compositioiis may also find appUcabitity as suc&ctants in Mianlic fluids. 

Backgroond of ttie Invention 

Frofli flotation is a widely used process for sc3»mting fine solids Som olJier solids by 
taWng advantage ofthe disparity in wettability at solid partW Separation of a soKd 

mixture may be accomplished by fte selective attachment of hydiophobie soHd partides to gas 
bubbles. Most often the gas used is air, vtinch is generally passed tbiou^ a liquid mixture of 
the crude soHds at such a mte as to provide a sustained -fiolh- or aocumuJatto^ 
the liquid-surface intec&cc. The density di£&vence between the gas bubbles and liquid paovides 
&e attached solid paitides with buoyancy, lifting the hydrophobic solid paxticles to the sui&ce 
and leaving bdundnon-hydrophoHc solids in the bulk li^ TTie hydrophobic solid 

paitides at fte surface remain attadied to the surfece fioth and can be subseqi^ 
fiom fte bulk mixture by drainuig the bulk mixture or mec^^ 



10 



20 fiotfa. 



In fiolh flotation a fl»thing or foaming agent is added to stabilTO 
cany the hydrophobic soKd partides to the surfece. Tlie stabilization of the bubbles or surface 
fiolh, greatly enhances the separating ^Sdency of the unwetied hydrophobic particles fiom the 
25 bulk Hquid^lid mixture. The fiwdiing agent or '^tber- acts by stabilizing the bubbte^ 
throu^ the lowering of the liquid sut^ tension enhancing the performance of dissolved air 
fiioth flotation processes. 

Roth flotation techniques have been used in the mining industry for aiomjd 150 years. 
30 Many differoit minerals including, sUver. nidcel, zinc, titanram, cobalt, and diromium are 
processed using ftoih flotation. Today, mining companies are finding it more and more 
difficult to find high grades of ore. AccowKngly. there is a giowhig demand to provide more 
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efifective mineral separation processes to balance fbs ever increasing econonrical burtjfin w4uch 
mining companies feoc as they process poorer grades of ore. As such, improvements in ftoth 
flotation techniques would be of much beaeifit to Ihe present day miniiKg indastiy. 

Frolii flotation has also be«i used in odier industries including the chemical industxy. It 
is also used in sewage aroJ water treatment, paper de-inldAg and so on. Amjgoruserof froth 
flotation is the coal industiy for desulfcrization and for the recovery ofdean coal". Clean coal 
is reqwred by end users who set defined specificatioiis fbr the coal &at they purchase. These 
wiU usua% include maximum limits on ash or "non combustiW matter in the form of days, 
gypsum and other minfiials^ as well as the maxinium sulphur content in cider lo minimise 
discharge of environmeBtaUyunfiiendlySObc gases upon combustion of the coaL 

Pnx^sses for floating coal or muieials can be canned out in specially designed flotation 
devices such as a Jameson Cell, Nficrocel or other column cells. 



A good fiwdior must posses a number of key properties. Tmmt flotfaeis wiU be better 
suited to differs appGcalions, however, in general terms, a fiotiier must be able to promote the 
fonnation of stable air bubbles under aerated conditions. Frotheis are ^ically comprised of 
bofli polar and non polar con^xMicnts. The non polar or hydrophobic moiety wiU odeut itsdf 
20 "to the air phase while the polar or IqrAopMlicc^^ 

water) phase. The result is an enhanced bubble wdl sttengih and staWHiy due to localised 
increase in sut&ce tension. This win enfaanoe the ability of die bubbles to hold and concoitrate 
fliede^pedmiaera]. 
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EflBsctive fioOeis usually contain at least 5 carbon atoms m a straight chain or branched 
configwation which provide the Iqrdrophobic interaction with die air phase and a polar group 
which is typicaUy a hydroxyl (-OH) fonctionaKly. Tb& balance of these two fimctionalittes will 
determine the efifectiveness of a particular frother for a particular appUcation. Typical Mothers 
cwrentty in use in the mining industry include aliphatic alcohols like 2-ethyl-3-hexanol, cyclic 
alcohols (for example, pine oil). W -triethojgrbuiane. and polyalkylene glycols. 



of the most commonly used aU purpose flotation fiothers for coal, base metal and 



oflier mm-metal flotatioa i$ 4-metl^-2-peii[taiiol, commonly known as "MIBC" (psff&iyl 
isobuQrlcarbinol). 



MEBC disfplays excellent snrfece behaviour, solubility and has been widely adopted in 

5 Ae industry due to its relatively low cost and good ftoth generalion pcrforaiancei espedaUy in 

applications where the minerals are xelativdy iQrdrophotac and xeadily floatable. However, 

MIBC is highly flammable di^Uaying a Pensky-Martens and closed cup flash point of 41«C 

(106*'F). MIBC also omits an unpleasant odour and acooi^ngfly is not vesy pleasant to work 

witfa. MIBC is classified as a dangerous good according to Hie Naiiooal Standard for the 

10 Storage and Handling of Wod^lace Dangerous Goods (NOHSC; 1015(2001)] and the NationBl 

Code of Practice: Storage and Handling of Woi]q>lace Dangerous Goods (NOHSC: 

2017(2001)] and accordingly, requies spedal care when handled. Hansported or stored in large 

volumes. Consequenfly, this conipound poses a substantial occupational, heaitk and safefy 

(OH&S) omcem. It is apparent fiom tiiis ^ a need exists for a less volatile attemalive to 

15 MIBC, tiiat has better flammalaUty and odour diaiaeteristics and is genetalty 
in general use. 

Summary (tf the Ibvention 

It has now been suiprirfiigly found that C3-C9 secondary alcohols having a low degree 
20 ofethoxylation have Aeabili^ to act as effective fiKrthers, and also have Aead^ 

of possessing higher flashpoints over the parent alcohols, making them less flammable and less 
volatile. These Gonq>ounds also display better odour chamcteristics than the parent alcohols. 

Accordingly, in one aspect the present invention provides compounds of the foimula (J): 

25 CD 

>^dieretftRi and Ra ate each indepoidently Ci^It an^ and 
mis 1,2,3,4, or 5. 

In another aspect the invention provides a composition oomprisiog at least two compounds of 
30 ifaei 
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^CH O-t-CHa — CHg — O-)— H 

wiwidn Ri and B2 aie eadi indqxsndaiHy Ci-Q alky], and n is an iatssBt >0 and whexein the 
av«agB molar value of n for the total of the compounds of finnmla (11) in said oomposiiion is in 
tiiezangeof 11d3. 

U yet anolfaer aspect, i3» present invention provides a mediod for prepaiing a con^osition 
compdai^ at least two compounds of finmuia (II): 

^CH Ck{-cH2 — CHa — 0-)-H 

v/bsxem Ri andR2 are each independently Cj-Q alfc^ andn is aninteger>0, and 

wherein the ovecage molar vahie of n for the total of the compounds of fi«mula (11) in said 

composition is in 4e range of I to 3, said method compriang; 



leactmg an esceess of qj-Q» secondaiy alcohol with ethylene oadde in the pieseoce of a catalyst 
in an eOunQrlation vessel to fi«m a mixture of two or more compounds of fimnula (II). 
15 separating at least a portion of unreacted secondaiy alcohol fiom the mi3dum» and recycling 
ttoreacted secondaiy alcoh<d badk into the etiboxylation vessel. 

The teim Ci-C, allgrl group refers to stiaig^ chain or branched alkyl groups of from 1 
to 4 enhon atoms. Examples of suitable alkyl groups include meflhiyl. ethyl, i^-propyl, 
cyclopropyl, isoi»opyl, n-taHyl, iso4>utyI» tert-butyl and cyclobutyl. Preferably the group 
RiRaCM- is selected fiom tiie group consisting of pantHl-yl, pent-2-yl, pent-3-yI, 2-mefhyI- 
pent-3-yl, 4-mel!iyl-peat-2-yI, hex-2-yI. hex-3-yL 



Mostprefiarably the group RiRjCH- is 4-methyl-pent-2-yL 

Tlio RiRaCH- groi^ together with the O atom in the compounds of fcnnula CD can be 
datived fiom a C3-C, secondaiy alcohol. Accordingly, the group RiRjCHO. represents fibe 
residue of a C3.C9 secondaiy alcohoL As such, the compound of formula (0 according to the 
present hivention may be prepared hy ethoxylating a secondary alcohol with ethylene <»dde 
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(BO). Kwmbeiwgirisedthatm mfomiuk(I)iefei«to«ieinimber^^ 
v«uch liave added per molecule of the secondaiy parent alcohol. 

It wm be mdeistood that R, and R2 may indepcndeofly 
S groups or the same C1-C4 alkyl groop. 

The most preferred conqjomds of the present invemioii ate those in ^vhich m is 1-5. 
More preferable are flu>se compounds in vrfuch m is 1>3. 
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Preferable compounds of formula (3) are fiH>$e which exhibit a dosed cup flash point of 
greater tha» or equal to 61»C. Most preferred confounds of fbimuki 0) are those i!i*ich exhibit 
a closed cup flash point of greater than tfS'tl In the description which follows Cmduding the 
exan5)les) the quoted flash pohits of the conqwunds and compositions of the pies^ invention 
are measured using a Pensky-Marten flasfapohit apparatus, however for the purposes of the 
present mvention it has been found that the deteimhuition of foe flash pomt usmg foe Peoaky- 
Marten method is directly comparable to the dosed cup method. 



20 



Primary alcohols gen^alfy react maA foster than secondaiy alcohols ducuig 
efooxylatiott with BO. Because of the ^spanty in reaction rates between primary and 
secondaiy alcohok foete is a tendency for BO to react wifo secondary alcohols v*idi have 
aheady been etboxylated, than to react wifo a molecule of an umeacted parent secondary 
alcohol. Accoidii^g^y, foe product mixtures of 8u<fo reactions win mvaiidjlycont^ 
ofefoojgrlaled,multi-eao>£ylated and non-efooxjrtated secondary dTO^^ Surprisingly, it has 
now been found that eon^ositions of su<fo mixed products compri^dng at least two compounds 
25 offonnulaa^ are also effective fioftuxg agents. 

Mfo specific reference to foe coiiq)ositums of the parent invention the tenn "average 
molar value of n" tefers to foe combined molar average of efooxylated compounds of formula 
OO^ch are present m foe compositions of foe present invention. For the present mvention 
30 foe average molar value of n is m foe range of 1 to 3, and more preferably 1 to 2 and most 
preferab^ about 1.7. 
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It will be understood that n reSas to the number of Xylene oxide molecules wWch 
have been snbsdtuted per molecule of CrC9 secondary alcohol. In the present invention n is an 
integer gieater ^ or equal to 0. As such, the compositions of the piesent invention may 
comprise non-ethoxylated products <n=0), mono-ethoxylated products (n=I) and multi- 
5 ethoxylated products (n?»l). Therefoie, the compositions of the present invention will be 
understood to comprise a mixture of mono-eflioxylated and nott«thoxylated products, mono- 
ethoxylated and multi^rthoxylated products, mnlti-eaioxylated and non.etho)^Iated products or 
a combination of mono, non, and multi-efhoxylaied products, ^wherein &e aveiagie molar value 
of n of the Gon4)osidon is in the range of 1 to 3. 

0 

It is generaUy thought that ethoxylation of akohols vviU greatly alter their properties in 
relation to those of the parent alcohol. Uncxpectantly, it has beea found that the cmrqiositions 
of the present invention display sur&ce behaviour which is veiy ^mUar to that of ^ patent 
alcohol. The additional advantage of the compoisids and compositions of the present inveolion 
S is that their flash poirrt is raised rdative to the paeeiit alcohol wl^^ 
vdnch make for a good fiolher. 



The flash points of the compodtions of tiie present invention can be controlled to a 
desired level by varying the amount of n=l (monoeOxyoitylato product), and/or oHi (parent 
alcohol or n<m-efhoxylated product) in tbit compositloa. Although mauxtainuis good fiodiing 
quaUties diese compounds ^1, or 0) tend to have lower flash pointe with respect to die same 
compounds vAdsAi have undergone multiple edioxylation 0©^ where n>l). As a resuhi the 
composilions of the present invention displigr the same properties which die parent alcohol 
displays including the fiimution of a dry britde and efifervesoent fioth, and similar fiotfa 
stability. However; the composition of the present invendon are superior fiotheis in 
comparison with flie parent Cs to C9 alcohols as fliey have the added advantage of higher flash 
pointy and accordingly are less volatile. 



The compositions of the present invention may have an amount of unieacted patent Qj- 
C9 secondary alcohol 0e, where n is 0) that is less than 15% by weight of the total composition. 
It is preferred that the composition contain no more than 10% of the parent alcohol. More 
preferably however, the compositions of the present invention contain no more than 8% of the 
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patmtaleoliol. 

It i$ also ^ preferred feature that tiie cQtiq>ouiid$ of fonnula QT) whetdn n is greater than 
4 account iat less than 20% by wdgbt of the total composition. 

Hie present invention has been developed for the purpose described herein. The 
composition may be blended with a number of oth^ products in hs final use dq>endant on the 
requirements of die ai^lication. These include but are not limited to other fiothers (eg alcohol 
or glycol typeX coUectocs (eg kerosene), dispefsant^ depressants, wator or other acdveots. 



The mediod for obtainii^ tiie deared oooapc^ijons can be ac^eved through xestdelhiig 
the degree of ethoxylation of die sec«id^ alcohol and tiien lemovhJtg the compounds where 
(iF"0 and/or n"l) £»m the composition mixture in a ^ngle disdlla^ 

art would understand that tiie degree to which ethoxylHtlon of the compounds offonnula (T) can 
IS be restricted vrill be dependent vpoa tiie cata^ and teaetimi conditions used. Primly, a 
lowm* degree of ethosgrlatton can be achieved 1^ reacting an amount of secondary alcohol 
i«hich is In a molar excess with reqwot to the amount of BO, Prefoably liie ratio of EO to 
secondary alcohol is kept betow 70 wt%. More preferably the ratio is below 12%. In this 
manner the excess parent alcohol can be distilled, recycled, or reused in a fiirtfaer process. 

20 

It will be understood that tiie c<nnpounds offonnula (I) of ^ present invendon are also 
preferably prepared by the same methods ^ch are used to piepared the compoation of the 
present mveutian. Acc<»:idBn^y, the present hrvoition provides for suteequent distillation of 
Ihc compounds offonnula (I) viiiere m= 1, 2, 3, 4, or 5. DistiUation tedmiques for separating 
25 closely boilmg fiactions, Mtfaer by atmospheric or reduced pressure techniques, inchidmg 
sr^imhig band distillation and fiactional distillation, can be used in Isolating the compounds of 
formula (1). OfliBr techniques for isolating compounds of formula (I) would be known to those 
skilled in ticB art 



According to the present invention, the levels of compounds -wbere n=0 and/or if=1 in 
the final composition can be varied by distillation techniques to achieve the desired flash point 
For instance, the present invoxtion allows fox variation in the amount of the parent secondary 
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alcohol to adjust &e flash pomt of the conqposiiiozL to a desired leveL As $uch the Hammability 
or flash point of the coxnpositioiis caa be varied depexidhsg largely on the remamhag amoimt of 
parent alcohol (n=0) left in tibe composition. In a prefonred embodiment, the flash point of the 
composition is greater Ibm or equal to 61 ""C (as measured by the closed cap method defined in 
S AS/NZS 2 106^) so as to allow classific^on of the oompositioA as non flammable according to 
the definition of a flammable liqind described in the Australian Dangerous Goods Coda 
Through varying the level of the parrait alcohol remaining in tibie compo^tions of the pres^ 
invention one will be able to also vaiy the flash point to suit tiie storage^ transport or use 
requirements for the ctmspositions. Altanadvely^ as the compounds and conqposhioBs of the 
10 presrat invention are likely to be misdble wifli water, flien one skilled in the art would 
understand that water could also be added to increase the ftosih point and therefore decrease 
flammability. For instsmce it has been fi>und that the addition of about 10% wt of 
com^sition of the pxesent invention renders it essentially non-flammable below lOOX. 

IS In the mann&Gture of the compounds and con^)05i1ions of ethoxylates of the present 

invimtion, the reaction is &cilLtated 1^ addition of add or base catalyst 

Prefoably, ibe base catalyst is derived fiom alkali and alkaline earth metals. Most 
preferably, the best catalyst is an alkaliiK metal hydroxide such as lithium, sodium or 
20 potassium. The most preferred is potassium hydroxide. 

The elho)Qrlation process of the present invHotion raasy also be catalysed with the use of 
Lewis acids (for exani^le, boron triflwHide, ardmony pentachloride, tin (IV) chloride^ or 
aluminium alkylates) or Bronsted acids (for example,, p-toluene sulphonic acid, fluorosulfonic 
25 acid or perchloric acid). The most prefeiied Lewis acid is boron trifluoride used as the 
efhemte^ or as a complex preformed with ^e alcohol. 

The most prefened base catalyst for preparing the compounds and compositions of the 
present invention is potassium hydroxide, with tiie most prefened catalyst being potassium 
30 hydroxide which has been dissolved in MIBC and dehydrated. Of the add catalysts^ boron 
trifluoride is tiie most preferred due to its ease of handlings availability and high lat^ of 
reaction. Naizow raoge ethoxylation catalysts (NRE's) are also a preferred group of catalysts 




ifAUst Secure fax ; # 15/ 21 

9 

that aie neither acid nor base catalysts, but give a narrow molecular wei^t range of products. 

The teaction may be done in a single pot or a two step pfocess. In a two step proce^, 
the base catalyst is added to the alcohol to initially prepare an aUcoxide ion. Accoidingly, when 
S the catalyst is potassium hydroxide and the secondary alcohol is MICE, Hbe alkoxide ion is 
potas^um 4-m6tiiyl-2-pmitoxide. It will be appreciated that water produced as a by-product 
from this initial reactions be distilled ofr(r«ioved)pnor tofhe addition of £0. 

In another cshbodimeiat the EO may initiatly be reacted with an acid catal^ which 
10 activates EO to nudeophdfic attack. 

It is en^haazed howev« tiiat tlie prcftxred method fi»r preparing the compositions and 
con^unds of the present invCTtion is perfiDrmed in a sizi^e pot or in a continuous jirooess. 
The most preferred method for jxrcparing the compositions wd compounds of the present 

IS invendmi is a continuous process. In a continuous opetatioo, a snidU amount of EO is added to 
catalysed MIBC and reacted out. The product is ften distilled to recover most of the unreacted 
MIBQ vdiich is then re^rcled. The product is then collected as is, or is fhrther distilled to 
recover the product and leave a residue contaii^ catalyst PEO^s and highly buUt MIBC 
e&oxylates. Continuous plant processes suitable for canying out this are known, and are 

20 commacxally avdlahle. A typical versirai comprises a long heated pipe in \^ch the alcohol 
flows as it is beii% reacted. To save space, such reactors are often b^ back on theniselves in a 
series ofS% and are often referred to as Setpenttne reactors. 

The compounds and compositions of the present invention can be used as a fiolhing 
25 agent in existing ^tli flotation pxoce^es. They can be used as leplacements for existing 
firoAers or to supplement jBx>fhers cunently used. An example of how the present composition 
and compounds of the present invention can be used as a £rother in a typical mineral or coal 
flotation plant process is as follows: 

30 1 . The jGbother is typically added to either a conditioning vessel prior to flotation or to the 
first flotation cell directly, depending on tOhe amount of time and agitation required to disperse 
ihe product in the mineral/Goal slurry. In the case of Jameson cells flxe fiother is added to the 
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dov/ncoxner portion of the cell to optimise disp<»rsiofi "m&in the high shear envtroiiaanent typical 
of this type of cell. Other reagents such as coUectois and dispersants may be added at Ihe same 
time. 

2. Once in the flotation cells fiother acts to facilitate tte generation of a stabilised fioth 
to aid in the recovery of fine particles. The desired mineral or coal particles are concentrated 
through attachment of fliese partid^ to the stable air bubbles which rise to flie top of tiie cell. 
Other reagents at this point will assist with selective coUecdon of the desired zmnerals, and 
dqires^on of unwanted gangues or other minerals^ 

3. The mineial/coal enriched fioth concentrate is &en collected from the top of the cell 
either passivcdy by over sinlling into collection launders or by mechanical skimming. 

4. The mmezal/coal enriched concentcate may then be subjected to fiirdier flotation 
1 S cleaning to fiirdier enhance the selectivity of desired mincaral/coaL Further flotation may or may 

not require adcStional fiother dosmg. 

5. The flnal concentrate is typically collected and thickened/dzied before fiirtber 
processix]^ 

20 

It will be appreciated that althou^ the jn-eferred use of the present invention is as a 
fiother in mineral flotation, the compounds and ccmpo^tions thereof may also be applicable to 
other uses which currently Xktilises alco]K>l$» For instancy the ethoxylaled products of the 
presem invention may find use as surfhctants in hydraulic fluids. The products may be used to 
25 create v/ater-in-oil and/or oil-in-water emulsions which may then be used as flre-resistant 
hydraulic flxnds. The surfiuse acdve nature and molecular stnicture of the product is such that it 
may assist in the formation of micelles to provide emulsion stabQity and other desirable 
properties, along with the use of other chemicals as dictated by design requirements. 



30 
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Examples 1 



MIBC was charged to an autoclave wMi potassium hydtaxide (KOH) as catalyst 
5 Hie charge was heated to 160 **C under staring and etl^rlene oxide added slowly. Keaction 
progress was monitored by observing the rise and fell in pressure as EO was added and reacted^ 
and the rise in ten^crature due to reaction. If the absohite piessuxe rose above 2001cpa, EO 
addition was stopped until if fell bdow 200 kPa agaixL 

10 PK>*irt was fiactionaUy distilled to selectividy remove aU of the fi^ 

Distillation was carried out at atmoe|i^c pressure vAent 1ba boiling point of MIBC is 132 
A controlled amount of fiesh MIBC was tiien added back. 

Product was analyzed by gas chromatogra^jlQr as made, and then again after distillation 
15 and after addition of the fieeMEBC. Peosky-Maitensaosed Cup flash point was mcasujed by 
standard mediods. The fiolh properties of flie products were assessed by two phase flotation 
tests in a 2 litre laboiatoiy Aghair flotation celL The main observations made were floth 
structure and stability and vohmie of fiotfa generated under standard conditions. These were 
compared to results using MIBC. 

20 

The product was not neutralised, and was a light teak colour due to the decompoation 
of minor impurities (<m by mass) in the feed materiaL 

Detailed conditions and results for four runs are given below in Table 1 . 
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Example 2 

MIBC was chaiged to aa autocUKve azid Boron TiifLuoride Etherate BF3.0Et2 added as 
catalyst. Ilie charge ivaslieated to 100 ^Cimderstixring and ^ Duetothe 
5 difi^cent selectivity of the BPa cataly st» a &r highw ratio of EO could be added to &e alcohol, 
hut exc^ alcohol sdll needed to be removed distillation. 

The product was <fistnied under vacuum (ymxsx pump vacuum, --IS rum Hg) in a rotary 
fflm evapcNtator at; 90 Undear these con^bns some of &e MIBC mono-ethoxylate is 
10 removed along with the fiee MIBC« hut the residual free MIBC can be controlled by the 
distillation tenqperatore. 

Ihe product was analyzed for Pensky^-Martens Closed Cup flash point, and for 
coroposition by gas chromatography. Laboratory froth perfonnance was also assessed as 
IS before. 

Detailed cc^ditions and results fiir two runs are given below in Table 2. 



m 
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TABLE 2 



Run: 



Catalyst 



Loading 



EO/Kg 



MIBC + 



0£O 



lEO 



2EO 



3EO 



5EO 



6£0 



7EO 



8EO 



9 BO 

10 EO 



2^00 



540 



2^00 



vacnom disfilted 



1W 



7.32 



28.93 



28.45 



18.2S 



5.28 



29.43 



29.31 



9.24 



3.80 



135 



0.08 



0.00 



0.00 



18.69 



9.45 



1.34 



0.40 
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This product submitted for prelimii^ 

in sulpMde mineral flotation. Results suggest that the produrt is at 1^ 
flotation petfootmaticOo 



•Hiroughout this specification and the claiiiis ii^eh follow, unless ifae contact inquires 
otherwise, the woid "coraprise". and variations such as "comprises- and Uprising-, will be 
undated to in9,Iyiheindusionofaslated integer or rt^ 

w step or group of hit^gets or steps. 
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Those skilled in the art will appneSMe tbal the invention described heidn is susceptible 
to variations and modificaJions other thaa those specific It is to be understood 

tiiat the inventioa inchidcs all such variations and modifications which fidl within the spirit and 
scope. Hie hivention also inchides all of tiie steps, features, compositions and compounds 
lefored to or indicated in this specification, individually or collectively, and any and all 
oomMnations of any two or more of said steps or features. 
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